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TRANSCRIPTIONAL REGULATION DURING THE DEVELOPMENT OF
SURGICALLY-INDUCED OA IN MICE
R.F. Loeser, Jr. 1, A.L. Olex 2, M. McNulty 3, C.S. Carlson 3, M. Callahan 1,
C. Ferguson 1, J.S. Fetrow2. 1Wake Forest Sch. of Med., Winston Salem,
NC, USA; 2Wake Forest Univ., Winston Salem, NC, USA; 3Univ. of
Minnesota, St. Paul, MN, USA
Purpose: Previous microarray studies have identiﬁed the differentially
expressed genes in a single tissue (e.g. articular cartilage) usually at
a single time point during disease development. The purpose of this
study was to identify genes regulated during different stages of the
development of surgically-induced OAusing RNA isolated from the joint
“organ” in order to discover novel pathways that are active in the
disease process.
Methods: 12 week-old male C57/BL6 mice underwent surgical desta-
bilization of the medial meniscus (DMM) to induce OA or sham surgery
as control. Joint tissues were collected for isolation of RNA (n¼9 mice
per surgical group per time point) pre-surgery (time 0) and at 2, 4, 8,
and 16 weeks after surgery and for histological analysis of OA severity
(n¼6 mice per surgical per group per time point) at 2, 4, 8, and 16
weeks. RNA used for microarrays and real-time PCR was isolated from
joint tissue collected from the medial side of the joint, including
cartilage, meniscus, subchondral bone, and joint capsule with syno-
vium. RNA was pooled from 3 mice for each array and 3 arrays were
performed for each group at each time point. Data from one pool at 2
weeks could not be used due to a poor quality array. Signal log ratios
(SLR) of DMM/sham were calculated using normalized array data.
Genes passing a detection ﬁlter, SLR ﬁlter (0.5 or 0.5 for at least one
time point in all 3 pools), and a consistency ﬁlter were used for
computational analysis to identify patterns of gene expression and
functional classiﬁcation using DAVID.
Results: Histologic evidence of OA, including cartilage lesions and
osteophytes, was present in the medial tibial plateaus (MTP) of the
DMM knees beginning at the earliest (2 week) time point and becoming
progressively more severe by 16 weeks. Osteophytes were mostly
cartilaginous at 2 and 4 weeks, started to ossify by 8 weeks and were
much larger at 16 weeks. A total of 427 genes passed the consistency
and signiﬁcance ﬁlters (Fig.1). There were more upregulated genes than
downregulated at all time points except at 8 weeks (17[, 53Y) with the
most up at 4 weeks (336[,33Y) followed by 2 weeks (174[,12Y) and 16
weeks (84[,2Y). Consensus clustering found 27 clusters with 2 or more
genes. Clusters with signiﬁcant DAVID annotations included clusters 1
and 2 with genes upregulated at 2 and 4 weeks (morphogenesis,
differentiation, development, collagen, and ECM genes includingsyndecan 4, biglycan and EGFR). Cluster 3 had genes highly upregulated
at 4 weeks and down at 8 (transcription regulatory genes including Atf2
and NFkB activating protein) while Cluster 7 had genes highly down-
regulated at 8 weeks (cell division and cytoskeleton). Both COMP and
MMP-13 were found in cluster 8 which were genes upregulated at 2, 4,
and 16 but not 8 weeks while cluster 15 had genes highly upregulated at
16 weeks that included Prelp (involved in collagen binding), Col3a1 and
ﬁbromodulin.
Conclusions: The results support a phasic development of OA with
early matrix remodelling and transcriptional activity followed by
a more quiescent period at 8 weeks and then a return to matrix turn-
over at 16 weeks. This could be related, in part, to the development of
osteophytes which appeared to form by 2 weeks but were more mature
by 8weeks, perhaps temporarily stabilizing the joint. Further analysis of
this dataset is ongoing to discover the signaling networks active during
the development of OA.
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PRECLINICAL INVESTIGATION OF THE DEVELOPMENT OF
OSTEOARTHRITIS-LIKE DEGENERATION IN A RAT TRAUMA MODEL
USING MICRO-COMPUTED TOMOGRAPHY
T.H. Steiner 1, R.J. Choo 1, A. Quintin 2, M. Wilke 2, D. Nesic 2,
M. Zulliger 3, R. Müller 1, K.S. Stok 1. 1 ETH Zurich, Zurich, Switzerland;
2Univ. of Bern, Bern, Switzerland; 3 SCANCO Med. AG, Brüttisellen,
Switzerland
Purpose: Osteoarthritis (OA) is a slow-developing, chronic disease,
accompanied by articular cartilage breakdown and adaptation in the
subchondral bone. Current efforts in clinical research aim to identify
disease-modifying osteoarthritis drugs (DMOADs) that are sensitive to
the structural deterioration underlying pathophysiological progression.
In preclinical research, histology is used to grade disease, but is
essentially destructive and limited to information present in the cutting
plane. Micro-computed tomography (microCT) allows 3D assessment.
Recent advances involving contrast agents to quantify glycosamino-
glycan content and cartilage volume have been identiﬁed. The challenge
when using microCT, is in clearly deﬁning the cartilage boundaries, and
solving this would allow more accurate predictions of OA in preclinical
animal models. This work presents a method for delineation of carti-
lage, bone and joint space for quantitative assessment.
Methods: Four 3 month-old male Wistar rats underwent medial
meniscectomy/ACL desmotomy to destabilise the right tibio-femoral
joint, and were sacriﬁced 6 weeks post-surgery. Seven healthy rats
served as controls. The joint space was ﬁlled with a contrast agent. It
was then immersed in 60% Hexabrix (Mallinckrodt, USA) overnight,
before scanning with microCT (SCANCO Medical, Switzerland; 10 mm
voxel size).Figure 1. Sagittal cut through a knee joint with microCT and contrast agent. F: femur,
T: tibia, CA: contrast agent, M: meniscus, Cg: cartilage.
Figure 2. (a) 2D Cg.Th of histology and microCT slice for healthy and OA-induced rat
knees (p < 0.001). (b-c) 3D thickness maps of tibial cartilage for the two models.
Figure 3. OA-induced tibio-femoral rat joint in coronal plane with bone (white) and
cartilage (colour indicates thickness) allowing direct investigation of local bone
adaptation with cartilage changes.
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Average 3D cartilage thickness (Cg.Th) was calculated for the medial
and lateral tibial plateaux. Joints were dissected, ﬁxed in buffered
formalin, and embedded in parafﬁn for histology processing with
Safranin O-Fast Green. Registration of histology and microCT images
allowed identiﬁcation of the corresponding microCT slice. 2D Cg.Th
from both images was calculated and correlated.
Results: A sagittal view of a typical healthy knee joint (Fig. 1) shows the
clearly deﬁned cartilage between bone and joint space (contrast agent).
The correlation between Cg.Th obtained from histology and microCT is
depicted in ﬁgure 2a. Correlations were similar for OA-induced and
healthy rat knees, therefore the data was pooled to give a correlation,
R ¼ 0.89, p < 0.001.
Additional 3D assessment of the cartilage was also achieved. The
central medial load-bearing surface of a typical healthy 3D sample
(Fig. 2b) shows regions of thicker cartilage compared to the same
region, subject to erosion, in the OA model (Fig. 2c). With the
segmentation of joint components, sample speciﬁc images can be
generated (Fig. 3).
Conclusions: The results clearly show a very good correlation of 2D
Cg.Th from microCT and histology. The high-resolution, 3D data
additionally allows whole-joint analysis, and permits direct investi-
gation of local bone adaptation with cartilage degeneration. Validated
individual models can be used to study load bearing of articulating
surfaces, and the role of microstructural changes in the progression of
OA. Reliable measures of cartilage combined with the regional analysis
of bone provide a powerful analysis tool, and gives new insight into
the progression and monitoring of disease models.
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COMPARATIVE PROTEOMIC ANALYSIS OF BONE MARROW
MESENCHYMAL STEM CELLS FROM OA AND HEALTHY PATIENTS
UNDERGOING CHONDROGENIC DIFFERENTIATION
B. Rocha, J. Mateos, V. Calamia, C. Ruiz-Romero, F.J. Blanco.Osteoarticular
and Aging Res. Lab., Proteomics Unit-Associated Node to ProteoRed-ISCIII,
INIBIC-CHUAC, A Coruña, Spain
Purpose: Mesenchymal stem cells (MSCs) play a key role in normal
cartilage turnover and repair. MSCs participate in these processes
through their capacity to differentiate towards chondrocytes and their
skill to migrate to the site of injury. Osteoarthritis (OA) is a disease
characterized by an imbalance in cartilage homeostasis, which might be
corrected by MSC-based therapies. To identify potential molecular
mediators of OA pathogenesis, we have performed a quantitative pro-
teomic analysis of bone marrow MSCs undergoing chondrogenic
differentiation, which were obtained from OA patients (n¼3) and
control donors (n¼3) using a de novo protein labeling approach (SILAC).
Methods: Bone marrow MSCs from normal and OA patients were
expanded in monolayer cultures with a DMEM medium lacking argi-
nine and lysine. Regular L-lys and L-arg were added to the normal cell
population media, whereas isotope-labeled L-lys (Lys6) and L-arg
(Arg10) forms were added to the OA cell population media. Once
complete incorporation of the isotopes was achieved, both types of cells
were grown in a three-dimensional (3D) environment (micromasses)
during a period of 14 days in a commercial chondrogenic medium, to
promote chondrogenesis. Expression of cartilage speciﬁc genes and
histological assays were performed to explore the chondrogenicity of
MSCs. For the proteomic analysis, protein samples from OA (heavy) and
normal (light) micromasses were combined at a 1:1 ratio. Protein
mixtures were then separated by SDS-PAGE before in-gel digestionwith
trypsin. Separation of the resulting tryptic peptides was performed by
nanoscale LC-MS/MS. Identiﬁcation and quantiﬁcation of proteins was
carried out with Protein Pilot 3.0 software.
Results: A signiﬁcant difference in the gene expression of collagen
type II was observed in the normal donors when compared to the OA
patients. Moreover, histology assays conﬁrmed that both types of cells
exhibited aggrecan and sulfated glycosaminoglycans formation after
14 days in chondrogenesis. Using SILAC, we compared the intracellular
protein proﬁles of OA and normal bone marrow MSCs at the same
time of differentiation. Among the 417 quantiﬁed proteins, 77 had
signiﬁcantly altered levels. 46 proteins displayed consistently higher
levels in the OA samples compared to normal donors. Among them,
we found some matrix-regulatory agents like Serpin H1 and Galectin-
3. We also found other heat shock proteins, like Endoplasmin, with the
same expression pattern. On the other hand, 31 proteins displayed
a signiﬁcantly reduced expression in OA patients when compared to
controls. Interestingly, we detected proteins that are involved in the
regulation of cell morphology and cytoskeletal organization, like
Destrin or Fascin, pointing to a lower actin turnover in MSCs from OA
patients.
Conclusions: We applied quantitative proteomics to characterize the
speciﬁc modulations in the protein proﬁles of bone marrow MSCs from
OA and healthy patients cultured in an in vitromodel of chondrogenesis.
The majority of modulated proteins have not been described to
participate in this differentiation process. Moreover, the increased
expression of some of them in OA patients (like Serpin H1), suggest
their putative role in the abnormal cell differentiation that might
contribute to the development of the disease.
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LONG-TERM DETECTION OF HUMAN ADIPOSE TISSUE-DERIVED
MESENCHYMAL STEM CELLS AFTER INTRA-ARTICULAR INJECTION
K. Toupet, Jr. 1, M. Maumus, Jr. 1, J.-A. Peyraﬁtte 2, P. Bourin, Sr. 2,
C. Jorgensen, Sr.1, D. Noel, Sr. 1. 1 Inserm U844, Montpellier, France;
2 EFS-PM, Toulouse, France
Purpose:Mesenchymal stem or stromal cells (MSC) isolated from bone
marrow (BM-MSC) or adipose tissues (ASC) are currently investigated in
regenerative medicine for their capacities to repair injured tissues. In
osteo-articular pathologies, they may be useful in counteracting
inﬂammatory and/or degenerative joint diseases via the secretion of
various factors with immunomodulatory, proliferative, anti-ﬁbrotic or
anti-apoptotic properties. The objective of this study was to determine
the safety and biodistribution of human ASC that have been expanded
